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(54)  Process  for  production  of  self-crimping  polyester  yarn. 
Polyester  polymer  is  extruded  at  different  speeds 

through  parallel  closely  spaced  orifices  (20,  22)  at  relatively 
high  spinning  speeds. The  resulting filament has  high  and  low 
shrinkage  regions  substantially  regularly  spaced  apart  along 
its  length.  Ayarn  including  a  number ofthese filaments  spon- 
taneously  develops  crimps  when  relaxed. 



The  i n v e n t i o n   r e l a t e s   to  the  a r t   of  p roduc ing   a  

p o l y e s t e r   f i l a m e n t   with  high  and  low  s h r i n k a g e   r eg ions   a l o n g  

i t s   l e n g t h ,   such  t ha t   a  y a r n   i n c l u d i n g   a  number   of  t h e s e  

f i l a m e n t s   s p o n t a n e o u s l y   develops   crimp  when  r e l a x e d .  

J apanese   p a t e n t   p u b l i c a t i o n   number  2 2 , 3 9 / 1 9 6 7  

d i s c l o s e s   e x t r u d i n g   at  low  s p i n n i n g   speeds  v a r i o u s   p o l y m e r s  

through  combined  o r i f i c e s ,   each  combined  o r i f i c e   i n c l u d i n g  

a  l a r g e   d i ame te r   c e n t r a l   c a p i l l a r y   and  two  or  more  s m a l l  

d i ame te r   s a t e l l i t e   c a p i l l a r i e s ,   the  l e n g t h s   of  the  v a r i o u s  

c a p i l l a r i e s   be ing   u n s p e c i f i e d .   The  spun  yarns   are  t h e n  

drawn  under  u n s p e c i f i e d   c o n d i t i o n s   to  y i e l d   drawn  f i l a m e n t s  

h a v i n g  c r o s s - s e c t i o n a l   shapes  which  vary   c o n t i n u o u s l y   and  

c y c l i c a l l y   a long  the  l e n g t h   of  each  f i l a m e n t .   When  a t t e m p t s  

were  made  to  d u p l i c a t e   the  t e a c h i n g s   of  t h i s   r e f e r e n c e   w i t h  

p o l y e s t e r   polymer,   yarn  drawn  at  normal  draw  r a t i o s   and  

r e l a x e d   while  be ing   hea ted   e x h i b i t e d   a  small   amount  of  c r i m p ,  
but  not  to  a  u s e f u l   degree .   When  the  draw  r a t i o   is  r e d u c e d  

e x p e r i m e n t a l l y   to  an  unusua l   r a t i o ,  t h e   crimp  l e v e l   in  t h e  

r e l a x e d   yarn  i n c r e a s e s   to  a  m a r g i n a l l y   u s e f u l   l e v e l .   However ,  

f a c r i c s   made  from  e i t h e r   of  these   yarns   have  a  harsh   h a n d .  

Japanese   p a t e n t   p u b l i c a t i o n   42 ,415 /1979   d i s c l o s e s  

s p i n n i n g   two  p o l y e s t e r   s t reams  th rough   a  s p i n n e r e t   w i t h  

converg ing   c a p i l l a r i e s   wherein   the  s t r eams   i n t e r s e c t   in  m i d -  

a i r   (below  the  s p i n n e r e t )   to  form  a  combined  s t ream.   One  o f  

the  s t reams  has  a  h i g h e r   speed  than  the  o t h e r ,   and  a n  

o s c i l l a t i o n   occurs   in  the  molten  s t ream  such  t h a t   the  combined 

s t ream,   when  quenched  in to   a  f i l a m e n t ,   e x h i b i t s   th ick   and  t h i n  

r eg ions   along  i t s   l e n g t h .   When  a  number  of  these   f i l a m e n t s  

are  combined  in to   a  yarn  and  r e l a x e d ,   a  h i g h l y   u s e f u l  d e g r e e  

of  crimp  is  o b t a i n e d ,   and  f a b r i c s   made  from  the  yarn  have  a n  

unusual   s o f t ,   l u x u r i a n t   hand.  However,  r e p r o d u c i b l y   m a n u f a c t u r i n g  

the  s p i n n e r e t s   with  converg ing   c a p i l l a r i e s   is  qu i te   d i f f i c u l t .  

Accord ing   to  the  i n v e n t i o n ,   t he se   and  o t h e r  

d i f f i c u l t i e s   of  the  p r i o r   a r t   are  r educed   or  avoided  by  t h e  

p rocess   d i s c l o s e d   b e l o w .  



DEFINITIONS  AND  TEST  METHODS 

" P o l y e s t e r "   as  used  h e r e i n   means  those   p o l y m e r s  

of  f i b e r - f o r m i n g   mo lecu l a r   weight   composed  of  at  l e a s t   85% 

by  weight   of  an  e s t e r   or  e s t e r s   of  one  or  more  d i h y d r i c  

a l c o h o l s   and  t e r e p h t h a l i c   a c i d .  

The  term  " f u l l y   drawn  den ie r "   as  used  h e r e i n   means 

the  d e n i e r   the  f i l a m e n t   would  have  i f   drawn  at  50  meters   p e r  

minute  in  c o n t a c t   with  a  50  cm  hot  shoe  h e a t e d   to  a  

t e m p e r a t u r e   of  90°C,  with  the  draw  r a t i o   s e l e c t e d   to  g i v e  

an  e l o n g a t i o n - t o - b r e a k   of  35%. 

The  sh r inkage   p r o f i l e   (and  5  cm  s h r i n k a g e s )   a r e  

de t e rmined   by  s e p a r a t i n g   from  the  yarn  bundle   a  s i n g l e  

f i l a m e n t   2.5  meters   long,   care  be ing   taken  not  to  s t r e t c h  

the  f i l a m e n t .   The  f i l a m e n t   is  then  cut  i n t o   c o n s e c u t i v e  

s e r i a l l y   numbered  5  cm  samples  or  segments ,   which  are  t h e n  

p l aced   whi le   u n r e s t r a i n e d   in  b o i l i n g   water   for  30  s e c o n d s .  

The  l e n g t h   of  each  segment  is  then  measured,   and  i t s   s h r i n k a g e  

as  a  p e r c e n t a g e   of  the  o r i g i n a l   5  cm  l e n g t h   is  c a l c u l a t e d .  

For  example,   i f   a  segment  has  a  l e n g t h   of  4.2  cm  a f t e r   t h e  

t r e a t m e n t   wi th   b o i l i n g   water ,   i t s   s h r i n k a g e   would  be  16%. 

The  p e r c e n t a g e   s h r i n k a g e s ,   when  p l o t t e d   in  s e r i a l   number  o r d e r ,  

p r o v i d e s   a  p r o f i l e   of  sh r inkage   v a r i a t i o n   a long  the  f i l a m e n t .  

In  c o n t r a s t   to  the  above  5  cm  s h r i n k a g e   t e s t   o f  

i n d i v i d u a l   f i l a m e n t s ,   y a r n  p r o p e r t i e s   are  de t e rmined   in  t h e  

f o l l o w i n g   manner.   The  yam  is  c o n d i t i o n e d   for   at  l e a s t   one 

hour  in  an  a t m o s p h e r e  o f   22°C  and  65%  r e l a t i v e   humid i ty .   I f  

the  yarn   i s   wound  on  a  package,   at  l e a s t   100  meters   a r e  

s t r i p p e d   o f f   and  d i s c a r d e d .   The  yarn   is  ske ined   under  a  

t e n s i o n   of  0.035  grams  per  den ie r   on  a  Su t e r   den i e r   r e e l   o r  

e q u i v a l e n t   device   having   a  p e r i m e t e r   of  1.125  meters   p e r  
r e v o l u t i o n   to  a  t o t a l   skein  den i e r   of  a p p r o x i m a t e l y   ( b u t  

not  to  exceed)   8000,  and  the  ends  are  t i e d .   For  example ,  

for   a  170  d e n i e r  y a r n ,   23  r e v o l u t i o n s   would  give  a  s k e i n  

den i e r   of  8160.  In  t h i s   i n s t a n c e ,   23  r e v o l u t i o n s   would  be  

used.   The  ske in   is  removed  from  the  d e n i e r   r e e l   and  s u s p e n d e d  

from  a  1.27  cm  d i ame te r   round  b a r . .   A  1000  gram  weight   i s  



g e n t l y   lowered  u n t i l   the  weight   is  suspended  from  the  b o t t o m  

of  the  skein   by  a  ben t  no   1  paper   c l i p   or  e q u i v a l e n t   p i e c e  

of  wire  weighing   l e s s   than  1  gram.  A f t e r  3 0   seconds ,   t h e  

ske in   l e n g t h   is  measured  to  the  n e a r e s t   0.1  cm,  the  m e a s u r e d  

l e n g t h   be ing   r e c o r d e d   as  Lo.  The  1000  gm  weight   is   t h e n  

r e p l a c e d   with  a  20  gm  weight ,   and  the  rod  with  the  s u s p e n d e d  

ske in   and  20  gm  weight   are  p l aced   in  a  120°C  oven  for   5  m i n u t e s .  

The  rod  with  the  suspended  ske in   and  20  gm  weight   is  r emoved  

from  the  oven  and  c o n d i t i o n e d   for   1  minute  at  22°C  and  65% 

r e l a t i v e   humid i ty ,   a f t e r   which  the  skein   l e n g t h   L1  i s  

d e t e r m i n e d   to  the  n e a r e s t   0.1  cm.  The  2Q  gm  weight   is  t h e n  

c a r e f u l l y   r e p l a c e d   by  the  1000  gm  weigh t .   T h i r t y   seconds  a f t e r  

the  1000  gm  weight   has  been  a p p l i e d ,   the  ske in   l e n g t h   L2  i s  

d e t e r m i n e d   to  the  n e a r e s t   0.1  cm.  The  p e r c e n t a g e   crimp  i s  

then   c a l c u l a t e d   a s  

while  the  p e r c e n t a g e   yarn  s h r i n k a g e   is  c a l c u l a t e d   a s  

O c c a s i o n a l l y   the  f i l a m e n t s   in  a  ske in   w i l l   be  so  

h i g h l y   en t ang l ed   t h a t ,   when  the  20  gm  weight   is   r e p l a c e d   b y  

the  1000  gm  weight ,   the  l e n g t h   L2  is  about  the  same  as  L1 ,  

even  though  the  skein   o b v i o u s l y   has  not  had  i t s   crimp  p u l l e d  

outo  In  such  a  c a s e ,  t h e   1000  gm  we igh t  may   be  g e n t l y   j a r r e d  

u n t i l   the  weight  f a l l s   and  removes  the  c r i m p .  

To  c h a r a c t e r i z e   a  ya rn ,   100  samples  are  t e s t e d   b y  

the  p rocedu re s   in  t h i s   p a r a g r a p h ,   the  h i g h e s t   10  and  l o w e s t  

10  va lues   be ing   d i s c a r d e d   and  the  r ema inde r   ave raged   to  a r r i v e  

at  crimp  and  sh r inkage   va lues   f o r  t h e   y a r n .  
DESCRIPTION  OF  TEE  INVENTION 

According  to  a  f i r s t   major  a spec t   of  the  i n v e n t i o n ,  

t he re   is  p rov ided   a  p rocess   for   forming  a  yarn ,   c o m p r i s i n g  

g e n e r a t i n g   a  bundle  compr i s ing   a  p l u r a l i t y   of  p o l y e s t e r   f i l a m e n t s  

hav ing   s h r i n k a g e  p e a k s   and  v a l l e y s   out  of  phase  from  f i l a m e n t  



to  f i l a m e n t ,   at  l e a s t   one  of  the  p l u r a l i t y   of  f i l a m e n t s   b e i n g  

g e n e r a t e d   by  the  s t eps   c o m p r i s i n g   e x t r u d i n g   from  s u b s t a n t i a l l y  

p a r a l l e l   s p i n n e r e t   c a p i l l a r i e s   at  l e a s t   f i r s t   and  second  m o l t e n  

s t r e a m s   of  p o l y e s t e r   polymer  of  f i b e r - f o r m i n g   molecu la r   w e i g h t ,  

the  f i r s t   s t ream  hav ing   a  g r e a t e r   v e l o c i t y   than  the  s e c o n d  

stream  and  be ing   spaced  l a t e r a l l y   from  the  second  s t r e a m  

a  small  d i s t a n c e   s e l e c t e d   such  t h a t   the  f i r s t   and  s e c o n d  

s t reams  u n i t e   i n t o   a  combined  s t ream  hav ing   th ick   a n d  t h i n .  

r e g i o n s ;   a t t e n u a t i n g   and  quenching   the  combined  stream  i n t o  

the  one  f i l a m e n t ;   and  w i t h d r a w i n g   the  one  f i l a m e n t   from  t h e  

combined  s t ream  at  a  given  s p i n n i n g   speed,   the  s p i n n i n g   s p e e d  

and  the  v e l o c i t i e s   and  l a t e r a l  s p a c i n g   upon  e x t r u s i o n   of  t h e  

f i r s t   and  second  s t reams  be ing   s e l e c t e d   such  tha t   the  s h r i n k a g e  

peaks  and  v a l l e y s   a long  the  one  f i l a m e n t   are  s u b s t a n t i a l l y  

r e g u l a r l y   spaced.   Accord ing   to  a n o t h e r   a spec t   of  the  i n v e n t i o n ,  

the  one  f i l a m e n t   has  an  average   f u l l y   drawn  den ie r   l e s s   than  6 .  

According  to  a n o t h e r   a spec t   of  the  i n v e n t i o n ,   the  f i r s t   s t r e a m  

is  l a r g e r   than  the  second  s t ream.   Accord ing   to  ano ther   a s p e c t   o f  

the  i n v e n t i o n ,   the  f i r s t   s t ream  has  a  v e l o c i t y   between  2  and  7 

times  as  f a s t   as  the  second  s t r e a m .  

Accord ing   to  a  second  major  a spec t   of  the  i n v e n t i o n ,  

the re   is  p r o v i d e d   a  p roces s   for   fo rming   a  yarn,   compr i s ing   g e n e r a t i n g  

a  bundle  c o m p r i s i n g   a  p l u r a l i t y   of  p o l y e s t e r   f i l a m e n t s   h a v i n g  

sh r inkage   peaks  and  v a l l e y s   out  of  phase  from  f i l a m e n t   to  f i l a m e n t ,  

at  l e a s t   one  of  the  p l u r a l i t y   of  f i l a m e n t s   being  g e n e r a t e d   by  t h e  

s teps   compr i s ing   e x t r u d i n g   from  s u b s t a n t i a l l y   p a r a l l e l   s p i n n e r e t  

c a p i l l a r i e s   at  l e a s t   f i r s t   and  second  mol ten  s t reams  o f  

p o l y e s t e r   polymer  of  f i b e r - f o r m i n g   m o l e c u l a r   weight ,   the  f i r s t  

s t ream  having  a  g r e a t e r   v e l o c i t y   than  the  second  s t ream  and  b e i n g  

spaced  l a t e r a l l y   from  the  second  s t ream  a  small  d i s t a n c e   s e l e c t e d  

such  tha t   the  f i r s t   and  second  s t reams   u n i t e   below  the  s p i n n e r e t  

in to   a  combined  s t ream  hav ing   t h i c k   and  th in   r e g i o n s ;   a t t e n u a t i n g  

and  quenching  the  combined  s t ream  in to   the  one  f i l a m e n t ;   a n d  

wi thdrawing   the  one  f i l a m e n t   from  the  combined  s t ream  at  a  g i v e n  

sp inn ing   speed,   the  s p i n n i n g   speed  and  the  v e l o c i t i e s   a n d  

l a t e r a l   spac ing   upon  e x t r u s i o n   of  the  f i r s t   and  second  s t r e a m s  



be ing   s e l e c t e d   such  tha t   the  one  f i l a m e n t   has  per  5  meters   a l o n g  

i t s   l e n g t h   an  average   of  at  l e a s t   two  r e g i o n s   p o s s e s s i n g   s h r i n k a g e  

peaks  hav ing   at  l e a s t   two  c o n s e c u t i v e   5  cm  s h r i n k a g e s   above  40%, 

and  r e g i o n s   p o s s e s s i n g   sh r inkage   v a l l e y s   between  t h e  p e a k s ,   t h e  

v a l l e y s   hav ing   at  l e a s t   two  c o n s e c u t i v e   5  cm  s h r i n k a g e s   b e l o w  

20%.  Accord ing   to  ano the r   aspec t   of  t h e  i n v e n t i o n ,   the  one  

f i l a m e n t   has  an  average   f u l l y   drawn  d e n i e r   l e s s   than  6.  A c c o r d i n g  

to  ano the r   a s p e c t   of  the  i n v e n t i o n ,   the  f i r s t   s t r e a m  i s   l a r g e r  

than  t he '  s econd   s t ream.   According  to  a n o t h e r   a spec t   o f  

the  i n v e n t i o n ,   the  f i r s t   s t ream  has  a  v e l o c i t y   between  2  a n d  7  

times  as  f a s t   as  the  second  s t r e a m .  

Accord ing   to  a  t h i r d   major  a s p e c t   of  the  i n v e n t i o n ,  

t h e r e   is  p rov ided   a  p roces s   for  forming  a  yarn ,   c o m p r i s i n g  

g e n e r a t i n g   a  bundle   compr i s ing   a  p l u r a l i t y   of  p o l y e s t e r   f i l a m e n t s  

hav ing   s h r i n k a g e   peaks  and  v a l l e y s   out  of  phase  from  f i l a m e n t   t o  

f i l a m e n t ,   at  l e a s t   one  of  the  p l u r a l i t y   of  f i l a m e n t s   b e i n g  

g e n e r a t e d   by  the  s teps   compr i s ing   e x t r u d i n g   from  s u b s t a n t i a l l y  

p a r a l l e l   s p i n n e r e t   c a p i l l a r i e s   at  l e a s t   f i r s t   and  second  m o l t e n  

s u b - s t r e a m s   of  p o l y e s t e r   polymer  of  f i b e r - f o r m i n g   m o l e c u l a r  w e i g h t ,  

the  f i r s t   s u b - s t r e a m   having  a  g r e a t e r   v e l o c i t y   than  the  s e c o n d  

s u b - s t r e a m   and  be ing   spaced  l a t e r a l l y   from  the  second  s u b - s t r e a m  

a  small   d i s t a n c e   s e l e c t e d   such  tha t   the  f i r s t   and  second  s u b -  

s t reams  u n i t e   below  the  s p i n n e r e t   in to   a  combined  s tream  h a v i n g  

t h i c k   a n d  t h i n   r e g i o n s ;   a t t e n u a t i n g   and  quenching   the  combined  

s t ream  in to   the  one  f i l a m e n t ;   and  w i t h d r a w i n g   the  one  f i l a m e n t  

from  the  combined  s t ream  at  a  given  s p i n n i n g   speed,  the  s p i n n i n g  

speed  and  the  v e l o c i t i e s  a n d   l a t e r a l   s p a c i n g   upon  e x t r u s i o n   o f  

the  f i r s t   and  second  sub- s t r eams   be ing   s e l e c t e d   such  tha t   the  y a r n  

has  a  c r i m p - t o - s h r i n k a g e   r a t i o   above  0 .25 .   Accord ing   to  a n o t h e r  

a spec t   of  the  i n v e n t i o n ,   the  one  f i l a m e n t   has  an  average  f u l l y  

drawn  den i e r   l e s s   than  6.  According  to  ano the r   a spec t   of  t h e  

i n v e n t i o n ,   the  f i r s t   s t ream  is  l a r g e r   than  the  second  s t r e a m .  

According   to  ano the r   a spec t   of  the  i n v e n t i o n ,   the  f i r s t   s t r e a m  

has  a  v e l o c i t y   between  2  and  7  times  a s  f a s t   as  the  second  s t r e a m .  

Accord ing   to  a  f o u r t h   major  a s p e c t   of  the  i n v e n t i o n ,  



t h e r e   is  provided  a  p r o c e s s   for   forming  a  yarn ,   c o m p r i s i n g  

g e n e r a t i n g   a  bundle  c o m p r i s i n g   a  p l u r a l i t y   of  p o l y e s t e r  

f i l a m e n t s   having  s h r i n k a g e   peaks  and  v a l l e y s   out  of  p h a s e  

from  f i l amen t   to  f i l a m e n t ,   at  l e a s t   one  of  the  p l u r a l i t y   o f  

f i l a m e n t s   being  g e n e r a t e d   by  the  s teps   c o m p r i s i n g   e x t r u d i n g  

from  s u b s t a n t i a l l y   p a r a l l e l   s p i n n e r e t   c a p i l l a r i e s   at  l e a s t  

f i r s t   and  second  mol ten   s t r eams   of  p o l y e s t e r   polymer  of  f i b e r -  

fo rming   molecu la r   w e i g h t ,   the  f i r s t   s t ream  hav ing   a  g r e a t e r  

v e l o c i t y   than  the  second  s t ream  and  be ing   spaced  l a t e r a l l y  

from  the  second  s t ream  a  small   d i s t a n c e   s e l e c t e d   such  t h a t  

the  f i r s t   and  second  s t reams   u n i t e   b e l o w  t h e   s p i n n e r e t   in to   a  

combined  stream  hav ing   t h i c k   and  t h in   r e g i o n s ;   a t t e n u a t i n g   a n d  

quench ing   the  combined  s t ream  in to   the  one  f i l a m e n t ;   a n d  

w i t h d r a w i n g   the  one  f i l a m e n t   from  the  combined  s t ream  at  a  g i v e n  

s p i n n i n g   speed,  the  s p i n n i n g   speed  and  the  v e l o c i t i e s   and  

l a t e r a l   spacing  upon  e x t r u s i o n   of  the  f i r s t   and  second  s t r e a m s  

b e i n g   s e l e c t e d   such  t h a t   the  yarn   has  a  crimp  o f  a t   l e a s t   2.5%. 

Acco rd ing   to  ano the r   a s p e c t   of  the  i n v e n t i o n ,   the  one  f i l a m e n t  

has  an  average  f u l l y   drawn  d e n i e r   l e s s   than  6.  According  t o  

a n o t h e r   aspect   of  the  i n v e n t i o n ,   the  f i r s t   s t ream  is  l a r g e r  

than   the  second  s t r eam.   Accord ing   to  a n o t h e r   a spec t   of  t h e  

i n v e n t i o n ,   the  f i r s t   s t r eam  has  a  v e l o c i t y   between  2  a n d  7  

t imes   as  f a s t   as  the  second  s t ream.   Accord ing   to  a n o t h e r  

a s p e c t   of  the  i n v e n t i o n ,   the  yarn  has  a  crimp  of  at  l e a s t   5%. 

Other  a s p e c t s   of  t h e  i n v e n t i o n   w i l l   in  p a r t   a p p e a r  
h e r e i n a f t e r   and  w i l l   in   p a r t   be  obvious  from  the  f o l l o w i n g  

d e t a i l e d   d e s c r i p t i o n   t aken   t o g e t h e r   wi th   the  a ccompany ing  

d rawings ,   w h e r e i n :  

FIGURE  1  is   a  p lan   view  of  a  p o r t i o n   of  the  l o w e r  

or  e x t r u s i o n   face  of  an  exemplary   type  of  s p i n n e r e t   u sab le   i n  

the  process   of  the  i n v e n t i o n ;  

FIGURE  2  is   a  s chemat i c   s ide  view  of  the  molten  s t r e a m s  

j u s t   below  the  face  of  the  FIGURE  1  s p i n n e r e t ,   a n d  

FIGURES  3-6  are  graphs  of  s h r i n k a g e   p r o f i l e s   o f  

v a r i o u s   f i l a m e n t s ,   as  w i l l   be  set   f o r t h   b e l o w .  



As  shown  in  FIGURES  1  and  2,  p o l y e s t e r   polymer  i s  

melt  spun  th rough   s u b s t a n t i a l l y   p a r a l l e l   c a p i l l a r i e s   20 

and  22  in  s p i n n e r e t   24  to  provide   at  l e a s t   two  molten  s u b -  

s t r eams ,   one  of  which  has  a  h ighe r   v e l o c i t y   than  the  o t h e r .  

The  c a p i l l a r i e s   are  spaced  l a t e r a l l y   a  small   d i s t a n c e  

s e l e c t e d   such  t h a t   the  s u b - s t r e a m s   u n i t e   below  the  s p i n n e r e t  

i n to   a  combined  s t ream  having  t h i ck   and  t h i n   r e g i o n s .   F o r  

example,  in  the  p r e f e r r e d   embodiment,  c a p i l l a r y   20  may. have 

a  d i a m e t e r   of  0.305  mm  while  s a t e l l i t e   c a p i l l a r i e s   22  h a v e  .  

d i a m e t e r s   of  0.203  mm  the  c e n t e r s   of  c a p i l l a r i e s   22  b e i n g  

0.356  mm  from  the  c e n t e r   of  and  l o c a t e d   on  o p p o s i t e   s i d e s  

of  c a p i l l a r y   2 0 ,  a l l   c a p i l l a r i e s   be ing   0.305  mm  in  l e n g t h .  

C a p i l l a r y   20  and  i t s   a s s o c i a t e d   s a t e l l i t e   c a p i l l a r i e s   22 

c o o p e r a t e   as  a  combined  o r i f i c e   for   s p i n n i n g   a  s i n g l e   f i l a m e n t ,  

s c h e m a t i c a l l y   shown  in  FIGURE  2.  O r d i n a r i l y ,   a  p l u r a l i t y   o f  

combined  o r i f i c e s   w i l l   be  p rov ided   in  a  s i n g l e   s p i n n e r e t   so  

t h a t   the  r e s u l t i n g   m u l t i f i l a m e n t   yarn  compr ises   more  t h a n  

one  of  the  f i l a m e n t s   a c c o r d i n g   to  the  i n v e n t i o n .  

I t   is  e s s e n t i a l   t h a t   one  of  the  s u b - s t r e a m s   h a s  

a  h i g h e r   v e l o c i t y   than  at  l e a s t   one  o the r   of  the  s u b - s t r e a m s  

which  u n i t e   to  form  a  combined  s t ream.   FIGURE  2  i l l u s t r a t e s  

q u a l i t a t i v e l y   the  r e s u l t i n g   a c t i o n   of  the  mol ten  s u b - s t r e a m s  

i m m e d i a t e l y   below  the  s p i n n e r e t   s p e c i f i c a l l y   d e s c r i b e d   a b o v e .  

Since  a l l   the  c a p i l l a r i e s   in  t h i s   i n s t a n c e   are  the  same  l e n g t h ,  

the  s u b - s t r e a m   i s s u i n g   from  c a p i l l a r y   20  has  a  h i g h e r   v e l o c i t y  

upon  e x t r u s i o n   than  the  s u b - s t r e a m s   i s s u i n g   from  c a p i l l a r i e s   2 2 .  

T h e  c e n t e r   subs t ream  acco rd ing ly ,   a l t e r n a t e l y   s t r i k e s   and  b o n d s  

to  one  of  the  ou te r   s u b - s t r e a m s ,   then  b u c k l e s   a n d  s t r i k e s   a n d  

bonds  to  the  o t h e r   of  the  ou te r   s u b - s t r e a m s .   The  c o m b i n e d  

s t ream  thus  formed  is  a t t e n u a t e d   and  the  v a r i o u s   s u b - s t r e a m s  

u n i t e   s i d e - b y - s i d e   to  form  a  s t ream  hav ing   t h i ck   a n d  t h i n  

r e g i o n s   a long  i t s   l e n g t h .   This  s t ream  is  quenched  as  i t   i s  

a c c e l e r a t e d   to  the  s p i n n i n g   speed,  ie ,   the  speed  at  which  t h e  

f i l a m e n t   t r a v e l s   immedia te ly   a f t e r   s o l i d i f i c a t i o n .   The  r e s u l t i n g  

f i l a m e n t   has  p r o p e r t i e s   un ique ly   de t e rmined   by  s p i n n i n g   s p e e d .  



EXAMPLE  1 

This  is  an  example  w i t h i n   the  t e a c h i n g s   of  Example  3 

of  J a p a n e s e   p a t e n t   p u b l i c a t i o n   22339/1967.   A  s p i n n e r e t   h a v i n g  

34  combined  o r i f i c e s   is  p rov ided ,   each  c o m b i n e d  o r i f i c e   b e i n g  

c o n s t i t u t e d   by  a  c e n t r a l   c a p i l l a r y   having  a  d i a m e t e r   of  0.300  mm 

and  t h r e e   s a t e l l i t e   c a p i l l a r i e s   having  d i a m e t e r s   of  0.200  mm. 

The  s a t e l l i t e   c a p i l l a r i e s   are  e q u a l l y   s p a c e d  a p a r t   around  t h e  

c e n t r a l   c a p i l l a r y   with  t h e i r   c e n t e r s   0.400  mm from  the  c e n t e r  

of  the  c e n t r a l   c a p i l l a r y ,   and  a l l   c a p i l l a r i e s   have  a  l e n g t h   o f  

0 .305  mm.  P o l y e s t e r   polymer  of  normal  m o l e c u l a r   w e i g h t  f o r  

a p p a r e l   yarns   is  spun  through  the  s p i n n e r e t   at  a  m e l t  

t e m p e r a t u r e   of  300°C,  at  a  r a t e   of  73.5  grams  per  minute .   The 

combined  s t reams  are  c o n v e n t i o n a l l y   quenched  by  t r a n s v e r s e l y  

d i r e c t e d   a i r   i n t o ' f i i a m e n t s   at  a  s p i n n i n g   speed  of  400  m e t e r s  

per   minute   and  wound  on  a  p a c k a g e .  

The  spun  yarn  is  then  c o n v e n t i o n a l l y   drawn  o v e r  

a  hot   shoe  hea t ed   to  900C  at  a  draw  r a t i o   of  4.0  to  y i e l d  

a  drawn  yarn   having   a  den i e r   of  416,  33%  e l o n g a t i o n - t o -  

b r e a k ,   t e n a c i t y   of  2.7  grams  per  d e n i e r ,   s h r i n k a g e   of  13.4% 

and  crimp  of  1.2%.  The  d e n i e r   per  f i l a m e n t   is  about  12,  a n d  

f a b r i c   made  from  the  yarn  has  poor  cover  and  a  h a r s h   h a n d .  

G e n e r a l l y   speak ing ,   crimp  is  a  d e s i r a b l e   p r o p e r t y   w h i l e  

s h r i n k a g e   is   u n d e s i r a b l e .   The  c r i m p - t o - s h r i n k a g e   r a t i o   i s  

thus   a  measure  of  the  gene ra l   d e s i r a b i l i t y   of  the  y a r n .   T h i s  

low  l e v e l   of  crimp,  and  the  low  value  of  the  c r i m p - t o -   s h r i n k a g e  

r a t i o ,   makes  the  yarn  f a r   l e s s   v a l u a b l e   than  yarns   made 

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  

The  s h r i n k a g e   p r o f i l e   a long  a  f i l a m e n t   from  the  drawn 

y a r n  h a s   the  random  c h a r a c t e r   g e n e r a l l y   d e p i c t e d   in  FIGURE  3 .  

While  s u c c e s s i v e   sample  numbers  42  and  43  in  FIGURE  3  h a v e  

s h r i n k a g e s   above  40%,  t h i s   is  not  common  in  yarns   spun  at  t h e  

low  speeds  of  t h i s   e x a m p l e .  

EXAMPLE  2 

The  spun  yarn  in  Example  1  is  s i m i l a r l y   drawn  at  a  

draw  r a t i o   of  3.2  to  produce  a  drawn  yarn  hav ing   a  den i e r   o f  

515,  e l o n g a t i o n   of  42%,  t e n a c i t y   of  1.6  grams  per  d e n i e r ,  



s h r i n k a g e   of  16.1%,  and  a  crimp  of  3.0%.  The  den i e r   p e r  
f i l a m e n t   is  about  15,  and  f a b r i c   made  from  the  yarn  a lso  h a s  

poor  cover  and  a  harsh   hand,  as  in  Example  1.  While  the  c r i m p  

l e v e l   is  m a r g i n a l l y   u s e f u l ,   the  u n d e s i r a b l y   low  c r i m p - t o -  

s h r i n k a g e   r a t i o   makes  the  yarn   u n d e s i r a b l e   for   many  end  u s e s .  

T h e  s h r i n k a g e   p r o f i l e   is  aga in   s i m i l a r   to  FIGURE  3 .  

E X A M P L E  

Example  1  i s   r e p e a t e d   excep t   tha t   the  s p i n n e r e t   i s  

r e p l a c e d   wi th   the  p r e f e r r e d   embodiment  of  the  FIGURE  1 

s p i n n e r e t   t h e r e   be ing   34  combined  o r i f i c e s o   The  spun  y a r n  
is  h o t - d r a w n  a t   a  draw  r a t i o  o f   2.80  to  y i e l d   a  drawn  d e n i e r . o f  

565,  an  e l o n g a t i o n   of  102%,  t e n a c i t y   of  1.85,  sh r inkage   of  22%, 

and  a  crimp  of  1.8%.  FIGURE  3  is   an  a c t u a l   sh r inkage   p r o f i l e  

of  a  f i l a m e n t   produced  a c c o r d i n g   to  t h i s   example.  Fab r i c   made 

from  t h i s   yarn   has  very  poor  cover   and a   qu i t e   h a r s h   hand.  , 
When  u s i n g   any  of  the  s p i n n e r e t s   r e f e r r e d   to  a b o v e ,  

random  o c c u r r e n c e   of  s h r i n k a g e   peaks  of  random  ampl i tude   and .  

v a l l e y s   a long  the  l eng th   of  the  f i l a m e n t s   is  i n h e r e n t   when 

s p i n n i n g   at  low  speeds.   As  the  s p i n n i n g   speed  is  i n c r e a s e d   above  

some  l e v e l ,   a  degree  of  r e g u l a r i t y   is  ach ieved   which  i s  

advan tageous   for  va r ious   end  u s e s .   The  s p i n n i n g   speed  at  wh ich  

the  a lmost   wholly  random  c h a r a c t e r   of  the  sh r inkage   p r o f i l e  

changes  to  d i s c e r n i b l e   r e g u l a r i t y   depends  on  s p i n n e r e t   d e s i g n ,  

polymer  t h r o u g h p u t   r a t e ,   spun  d e n i e r - p e r - f i l a m e n t ,   q u e n c h i n g  

c o n d i t i o n s ,   and  o ther   s i m i l a r   p a r a m e t e r s ,   and  can  r e a d i l y   b e  

de t e rmined   by  s imply  i n c r e a s i n g   the  sp inn ing   speed  u n t i l   t h e  

sh r inkage   p r o f i l e   d i s p l a y s   s u b s t a n t i a l   r e g u l a r i t y .   With  t h e  

above  s p i n n e r e t s ,   o r d i n a r i l y   r e g u l a r i t y   becomes  appa ren t   in  t h e  

v i c i n i t y   of  1500-2500  meters   per  minute .   With  t h i s   p a r t i c u l a r  

s p i n n e r e t ,   r e g u l a r i t y   begins   to  be  apparen t   at  about  2000  y p m  .  

(about   1800  mpm)  as  s p i n n i n g   speed  is  i n c r e a s e d .   The  degree   o f  

crimp  and  the  c r i m p - t o - s h r i n k a g e   r a t i o   also  o r d i n a r i l y   i n c r e a s e  

s u b s t a n t i a l l y   at  sp inn ing   speeds  f a r   above  the  400  meters   p e r  

minute  s u g g e s t e d   in  Japanese   p a t e n t   p u b l i c a t i o n   22339/1967,   a s  

i l l u s t r a t e d   in  the  f o l l o w i n g   e x a m p l e s .  



EXAMPLE  4 

P o l y e s t e r   polymer  is  melt  spun  at  300°C  from  the  above  

p r e f e r r e d   embodiment  of  the  FIGURE  1  s p i n n e r e t   at  a  s p i n n i n g  

speed  of  3800  ypm  (about   3420  meters   per  m i n u t e ) ,   the  p o l y m e r  

r a t e   be ing   s e l e c t e d   such  t ha t   the  r e s u l t i n g   yarn  has  a n  

average   den ie r   per  f i l a m e n t   (dpf)   of  4 .1.   The  s h r i n k a g e  

p r o f i l e   for   a  f i l a m e n t   from  t h i s   yarn  is  i l l u s t r a t e d   i n  

FIGURE  4.  In  c o n t r a s t   to  the  random  p a t t e r n   c h a r a c t e r i s t i c  

of  slow  speed  sp inn ing ,   the  FIGURE  4  f i l a m e n t   has  a  p a t t e r n  

of  q u i t e   r e g u l a r l y   r e c u r r i n g   broad  sh r inkage   peaks  a l t e r n a t i n g  

with  broad  sh r inkage   v a l l e y s .   The  yarn  has  a  sh r inkage   o f  

32.9%  and  a  crimp 'of   15.5%  for   a  c r i m p - t o - s h r i n k a g e   r a t i o   o f  

0 .47 .   The  yarn  is  p a r t i c u l a r l y   s u i t e d   for   be ing   d r a w - t e x t u r e d  

u s i n g   a  f r i c t i o n   a g g r e g a t e ,   downstream  of  the  p r imary   h e a t e r ,  

for   a p p l y i n g   f a l s e   t w i s t ,   the  draw  r a t i o  a n d   a g g r e g a t e   s p e e d  

be ing   s e l e c t e d   such  t ha t   the  f i l a m e n t s   are  b roken   in  or  a f t e r  

the  a g g r e g a t e   to  y i e l d   a  s p u n - l i k e   yarn  with  broken  f i l a m e n t s  

p r o t r u d i n g   from  the  yarn .   The  r e g u l a r i t y   of  r e c u r r e n c e   o f  

the  h igh  and  low  s h r i n k a g e   r e g i o n s   pe rmi t s   b e t t e r   c o n t r o l   o f  

the  number  of  broken  f i l a m e n t s   per  meter  of  yarn  by  s e l e c t i o n  

of  the  d r a w - t e x t u r i n g   p roces s   c o n d i t i o n s .   The  b r e a d t h   of  t h e  

s h r i n k a g e   peaks  and  v a l l e y s   a lso  c o n t r i b u t e   in  t h i s   r e g a r d .  

By  b r e a d t h   is  meant  t ha t   at  l e a s t   two  c o n s e c u t i v e   5  cm  s h r i n k a g e s  

a long   an  i n d i v i d u a l   f i l a m e n t   are  above  40%,  in  the  case  of  a  

s h r i n k a g e   peak,  or  are  below  20%  in  the  case  of  a  s h r i n k a g e   v a l l e y .  

EXAMPLE 5 

Example  4  is  r e p e a t e d   except   t ha t   the  s p i n n i n g   s p e e d  

is   i n c r e a s e d   to  5000  yards   per  minute  (about   4500  meters   p e r  
m i n u t e ) ,   and  the  polymer  t h roughpu t   is  a d j u s t e d   to  p rov ide   a n  

average   of  3.2  den ie r   per  f i l a m e n t   in  the  r e s u l t i n g   yarn .   The 

yarn   has  a  crimp  of  4.4%  and  a  sh r inkage   of  9.7%,  to  give  a  

c r i m p - t o - s h r i n k a g e   r a t i o   of  0 .45.   F igu re s   5  and  6  are  s h r i n k a g e  

p r o f i l e s   of  two  f i l a m e n t s   from  the  same  yarn ,   and  i l l u s t r a t e   t h e  

s u b s t a n t i a l   r e g u l a r i t y   of  o c c u r r e n c e   of  the  s h r i n k a g e   p e a k s  

and  v a l l e y s .   These  f i g u r e s   a lso   i l l u s t r a t e   t h a t   the  s h r i n k a g e  



peaks  and  v a l l e y s   are  out  of  phase  from  f i l a m e n t   to  f i l a m e n t ,   a n d  

indeed  have  somewhat  d i f f e r e n t   r e p e t i t i o n   r a t e s .   Since  t h e  

yarn  was  spun  at  high  speed,   i t   is  s u f f i c i e n t l y   h i g h l y   o r i e n t e d  

to  be  capable   of  d i r e c t   use  in  f a b r i c s ,   g iv ing   an  u n u s u a l l y  

s o f t   hand  and  e x c e l l e n t   cover ,   as  compared  to  a  

c o n v e n t i o n a l l y   t e x t u r e d   yarn  of  equal  number  of  f i l a m e n t s  

and  equal  den ie r   p e r  f i l a m e n t .  



1.  A  process   for   forming  a  yarn ,   compr i s ing   g e n e r a t i n g   a  

bundle   compr i s ing   a  p l u r a l i t y   of  p o l y e s t e r   f i l a m e n t s   h a v i n g  

s h r i n k a g e   peaks  and  v a l l e y s   out  of  phase  from  f i l a m e n t   t o  

f i l a m e n t ,   at  l e a s t   one  of  sa id   p l u r a l i t y   of  f i l a m e n t s   b e i n g  

g e n e r a t e d   by  the  s teps   c o m p r i s i n g :  

a.  e x t r u d i n g   from  s u b s t a n t i a l l y   p a r a l l e l  

s p i n n e r e t   c a p i l l a r i e s   at  l e a s t   f i r s t  

and  second  mol ten   s t reams  o f  p o l y e s t e r  

polymer  of  f i b e r - f o r m i n g   m o l e c u l a r   w e i g h t ,  

sa id   f i r s t   s t ream  hav ing   a  g r e a t e r   v e l o c i t y  

than  sa id   second  s t ream  and  b e i n g   s p a c e d  

. l a t e r a l l y   from  sa id   second  s t ream  a  s m a l l  

d i s t a n c e   s e l e c t e d   such  t h a t   s a i d .  f i r s t   a n d  

second  s t reams  u n i t e   below  sa id   s p i n n e r e t  

in to   a  combined  s t r e a m  h a v i n g   t h i ck   and  t h i n  

r e g i o n s ;  

b.  a t t e n u a t i n g   and  quenching   sa id   combined  s t r e a m  

in to   sa id   one  f i l a m e n t ;   a n d  

c.  w i t h d r a w i n g   sa id   one  f i l a m e n t   from  s a i d  

combined  s t ream  at  a  given  s p i n n i n g   s p e e d ,  

sa id   s p i n n i n g   speed  and  the  v e l o c i t i e s   a n d  

l a t e r a l   spac ing   upon  e x t r u s i o n   of  sa id   f i r s t  

and  second  s t reams  be ing   s e l e c t e d   such  t h a t  

sa id   sh r inkage   peaks  and  v a l l e y s   a long  s a i d  

ore  f i l a m e n t   are  s u b s t a n t i a l l y   r e g u l a r l y  

s p a c e d .  

2.  The  p r o c e s s  d e f i n e d   in  c la im  1,  where in   sa id   one  

f i l a m e n t   has  an  average   f u l l y   drawn  d e n i e r   l e s s   than  6 .  

3.  The  p rocess   de f i ned   in  c la im  1,  where in   sa id   f i r s t  

s t r eam  is  l a r g e r   than  sa id   second  s t r e a m .  

4.  The  p rocess   de f i ned   in  c la im  1,  where in   sa id   f i r s t  

s t r eam  has  a  v e l o c i t y   between  2  and  7  t imes  as  f a s t   as  s a i d  

second  s t r e a m .  

5.  A  p rocess   for   forming  a  yarn ,   compr i s i ng   g e n e r a t i n g   a  

bundle   compr i s ing   a  p l u r a l i t y   of  p o l y e s t e r   f i l a m e n t s   h a v i n g  

s h r i n k a g e   peaks  and  v a l l e y s   out  of  phase  from  f i l a m e n t   t o  



f i l a m e n t ,   at  l e a s t   one  of  sa id   p l u r a l i t y   of  f i l a m e n t s   b e i n g  

g e n e r a t e d   by  the  s t eps   c o m p r i s i n g :  

a.  e x t r u d i n g   from  s u b s t a n t i a l l y   p a r a l l e l  

s p i n n e r e t   c a p i l l a r i e s   at  l e a s t   f i r s t   and  

second  molten  s t reams  of  p o l y e s t e r  

polymer  of  f i b e r - f o r m i n g   m o l e c u l a r  

we igh t ,   sa id   f i r s t   s tream  having  a  

g r e a t e r   v e l o c i t y   than  sa id   second  s t r e a m  

and  be ing   spaced  l a t e r a l l y   from  sa id   second  s t r e a m  

a  small   d i s t a n c e   s e l e c t e d   such  tha t   sa id   f i r s t  

and  second  s t reams  un i t e   below  sa id   s p i n n e r e t  

in to   a  combined  s t ream  having  t h i ck   and  

t h i n   r e g i o n s ;  

b.  a t t e n u a t i n g   and  quenching  said  combined 

s t ream  in to   sa id   one  f i l a m e n t ;   and  

c.  w i t h d r a w i n g   sa id   one  f i l a m e n t   from  s a i d  

combined  s t ream  at  a  given  s p i n n i n g   s p e e d ,  

sa id   s p i n n i n g   speed  and  the  v e l o c i t i e s   a n d  

l a t e r a l   spac ing   upon  e x t r u s i o n   of  sa id   f i r s t  

and  second  s t reams  be ing   s e l e c t e d   such  t h a t  

said  one  f i l a m e n t   has  per  5  meters   along  i t s  

l e n g t h   an  average  of  at  l e a s t   two  r e g i o n s  

p o s s e s s i n g   sh r inkage   peaks  having  at  l e a s t  

two  c o n s e c u t i v e   5  cm  sh r inkages   above  40%, 

and  r e g i o n s   p o s s e s s i n g   sh r inkage   v a l l e y s  

between  sa id   peaks,   sa id   v a l l e y s   having  a t  

l e a s t   two  c o n s e c u t i v e   5  cm  sh r inkages   b e l o w  

20%. 

6.  The  p rocess   d e f i n e d   in  claim  5,  wherein  sa id   one 

f i l a m e n t   has  an  average   f u l l y   drawn  den ie r   l e s s   than  6 .  

7.  The  p rocess   d e f i n e d   in  claim  5,  wherein  said  f i r s t  

s t ream  is  l a r g e r   than  s a i d  s e c o n d   s t r e a m .  

8.  The  process   d e f i n e d   in  claim  5,  wherein  sa id   f i r s t  

s t ream  has  a  v e l o c i t y   between  2  and  7  times  as  f a s t   a s  

sa id   second  s t r e a m .  



9.  A  p rocess   for   forming  a  yarn,   c o m p r i s i n g   g e n e r a t i n g  

a  bundle   compr i s ing   a  p l u r a l i t y   of  p o l y e s t e r   f i l a m e n t s  

h a v i n g   sh r inkage   p e a k s  a n d   v a l l e y s   out  of  p h a s e  

from  f i l a m e n t   to  f i l a m e n t ,   at  l e a s t   one  o f   s a id   p l u r a l i t y  

of  f i l a m e n t s   be ing   g e n e r a t e d   by  the  s t e p s  c o m p r i s i n g :  

a.  e x t r u d i n g   from  s u b s t a n t i a l l y   p a r a l l e l  

s p i n n e r e t   c a p i l l a r i e s   a t  l e a s t   f i r s t   a n d  

second  mol ten   s u b - s t r e a m s   of  p o l y e s t e r  

polymer  of  f i b e r - f o r m i n g   m o l e c u l a r  

we igh t ,   s a id   f i r s t   s u b - s t r e a m   hav ing   a  

g r e a t e r   v e l o c i t y   than  sa id   second  s u b -  

s t ream  and  b e i n g   spaced  l a t e r a l l y   f r o m  

sa id   second  s u b - s t r e a m   a  smal l   d i s t a n c e  

s e l e c t e d  s u c h   t h a t   s a i d  f i r s t   and  s e c o n d  

s u b - s t r e a m s   u n i t e   b e l o w  s a i d   s p i n n e r e t  

i n to   a  combined  s t ream  hav ing   t h i c k   a n d  

t h i n   r e g i o n s ;  

b.  a t t e n u a t i n g   a n d  q u e n c h i n g   sa id   combined  

s t ream  i n t o   sa id   one  f i l a m e n t ;   a n d  

c.  w i t h d r a w i n g   sa id   one  f i l a m e n t   from  s a i d  

combined  s t ream  a t  a   given  s p i n n i n g  

speed,   sa id   s p i n n i n g   speed  and  t h e  

v e l o c i t i e s   and  l a t e r a l   s p a c i n g   u p o n  

e x t r u s i o n   of  sa id   f i r s t   and  second  s u b -  

s t reams  b e i n g   s e l e c t e d   such  t h a t   s a i d  

yarn  has  a  c r i m p - t o - s h r i n k a g e   r a t i o   above  

0 . 2 5 .  

10.  The  p rocess   d e f i n e d   in  claim  9,  where in   s a i d   one  

f i l a m e n t   has  an  average   f u l l y   drawn  d e n i e r   l e s s   than  60 

11.  The  p rocess   d e f i n e d  i n   claim  9,  whe re in   s a i d  

f i r s t   s t ream  is  l a r g e r   than  sa id   second  s t r e a m o  



12.  The  process   de f i ned   in  claim  9,  wherein  s a i d  

f i r s t   s t ream  has  a  v e l o c i t y   between  2  and  7  t imes  as  f a s t  

as  sa id   second  s t r e a m .  

13.  A  p rocess   for  forming  a  yarn ,   compr i s ing   g e n e r a t i n g  

a  bundle   compr i s ing   a  p l u r a l i t y   of  p o l y e s t e r   f i l a m e n t s  

hav ing   s h r i n k a g e   peaks  and  v a l l e y s   out  of  phase  f r o m  

f i l a m e n t   to  f i l a m e n t ,   at  l e a s t   one  of  said  p l u r a l i t y   o f  

f i l a m e n t s   be ing   g e n e r a t e d   by  the  s teps   c o m p r i s i n g :  

a.  e x t r u d i n g   from  s u b s t a n t i a l l y   p a r a l l e l  

s p i n n e r e t   c a p i l l a r i e s   at  l e a s t   f i r s t   a n d  

second  mol ten   s t reams  of  p o l y e s t e r   p o l y m e r  

of  f i b e r - f o r m i n g   mo lecu la r   weight ,   s a i d  

. f i r s t   s t ream  hav ing   a  g r e a t e r   v e l o c i t y   t h a n  

sa id   second  s t ream  and  be ing   spaced  l a t e r a l l y  

from  sa id   second  s t ream  a  small  d i s t a n c e  

s e l e c t e d   subh  t ha t   said  f i r s t   and  s e c o n d  

s t reams  u n i t e   below  said  s p i n n e r e t   in to   a  

combined  s t ream  having   t h i ck   and  t h in   r e g i o n s ;  

b.  a t t e n u a t i n g   and  quenching  said  combined  

stream  in to   sa id   one  f i l a m e n t ;   a n d  

c.  w i thd rawing   sa id   one  f i l a m e n t   from  s a i d  

combined  s t ream  at  a  given  s p i n n i n g   s p e e d ,  

sa id   s p i n n i n g   speed  and  the  v e l o c i t i e s   and  

l a t e r a l   s p a c i n g   upon  e x t r u s i o n   of  sa id   f i r s t  

and  second  s t reams   be ing   s e l e c t e d   such  t h a t  

sa id   yarn  has  a  crimp  of  at  l e a s t   2 .5%. 

14.  The  p r o c e s s  d e f i n e d   in  claim  13,  wherein  sa id   one  

f i l a m e n t   has  an  average  f u l l y   drawn  den ie r   l e s s   than  6 .  

15.  The  process   d e f i n e d   in  claim  13)  wherein  sa id   f i r s t  

s t ream  is  l a r g e r   than  sa id   second  s t r e a m .  

16.  The  process   d e f i n e d   in  claim  13,  wherein  sa id   f i r s t  

s t ream  has  a  v e l o c i t y   between  2  and  7  times  as  f a s t   as  s a i d  

second  s t r e a m .  

17.  The  process   d e f i n e d   in  c la im  13,  wherein   sa id   y a r n  

has  a  crimp  of  at  l e a s t   5%. 
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